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Predator-Prey Role Reversal in a Marine Benthic Ecosystem
AMos BARKAI AND CHRISTOPHER MCQUAID* Two closely located islands on the west coast of South Africa support widely different benthic communities. The biota at Malgas Island is dominated by seaweeds and by rock lobsters that consume settling mussels, thereby preventing the establishment of the mussels. They also prey on whelks, although one species, Burnupena papyracea, is protected from predation by a commensal bryozoan that covers its shell. Marcus Island has extensive mussel beds, but rock lobsters and seaweeds are virtually absent; whelks (mostly Burnupena spp.) occur at high densities. Rock lobsters transferred to Marcus Island were overwhelmed and consumed by the whelks, reversing the normal predatorprey relation between the two species. These two contrasting communities persisted during 4 years and may represent multiple states of the same ecosystem. This effective change of roles between a prey species and its chief predator may provide an intrinsic mechanism to maintain these states following the initial exclusion of the predator.
P ERHAPS THE MOST CONSPICUOUS
feature of shallow subtidal communities on hard substrata is the high degree of spatial variability of both species composition and standing stocks (1). One of the most extensively studied and important causes of spatial variability is the localized effect of predation, including grazing (2), and several cases have been described of "keystone predators" that maintain a balance within the overall community between their preferred prey and species that are competitively dominated by these prey species (3). Removal or exclusion of such species often changes the community structure drastically and may result in the development of an "alternative stable state" (4). Evidence for the occurrence of alternative stable states in natural populations has been criticized-for example, external interference such as predator removal is required to maintain them (5). We do not address the question of whether or not "alternative stable states" are a real phenomenon. We do, however, describe a case in which some perturbation appears to have removed a key benthic predator, causing the community to shift to a totally different configuration; this new configuration appears to include an intrinsic mechanism for continued exclusion of the key predator without external interference.
Marcus and Malgas islands are 4 km apart Since the shell of B. papyracea is invariably covered by the commensal bryozoan Alcyonidium nodosum the feeding preference experiment was repeated for 31 days. This time each rock lobster was offered three normal B. papyracea, three from which the bryozoan covering had been removed, and three B. cincta (10). From a total of 242 whelks consumed, only 6.2% were uncleaned B. papyracea (11) . There was, however, no statistically significant difference between the numbers of B. cincta and cleaned B. papyracea eaten (50.8% and 43.0%, respectively) (12). Maximum and mean size of B. papyracea eaten increased when the shells were cleaned (Fig. 2) (13) predation that exdudes all other members of its genus (Table 1) .
Rock lobster exclusion from Marcus Island.
The ability ofJasus lalandii to tolerate abiotic conditions at Marcus Island was examined by caging eight individuals at 10 m depth with eight control animals caged at Malgas Island. All caged animals at both islands survived until released more than 9 months later.
Subsequently 1000 rock lobsters from Malgas Island were tagged and transferred to Marcus Island after installing artificial shelters to provide suitable habitats (15). The result was immediate. The apparently healthy rock lobsters were quickly overwhelmed by large numbers of whelks. Several hundreds were observed being attacked immediately after release and a week later no live rock lobsters could be found at Marcus Island. As damage during tagging may have triggered the attacks the experiment was repeated five times with smaller numbers (-20) of unmarked rock lobsters. Pairs of animals were recovered at 15-minute intervals after release and the attached whelks were counted. The rock lobsters escaped temporarily by swimming, but each contact with the substratum resulted in several more whelks attaching themselves until weight of numbers prevented escape. On average each rock lobster was killed within 15 minutes by more than 300 Burnupena that removed all the flesh in less than an hour (Fig. 3) .
Local rock lobster fishermen claim that Jasus lalandii populations at the two islands were similar until about 20 years ago. The original cause of their disappearance from Marcus Island is not known but may have been linked to a period of low oxygen near the island in the early 1970s (16) . Physical conditions are now suitable for rock lobsters; the caged animals survived well. Predator removal often leads to a rapid increase in prey numbers (17), which is sometimes followed by a crash as the prey eliminate their own food resources (18). Mussels and whelks occur intertidally, providing them with a refuge from rock lobster predation. In the case of B. papyracea, the bryozoan Alcyonidium nodosum provides a fiuther ref- uge for subtidal populations, allowing the whelk to expand on the removal of predation pressure. In situ caging experiments indicate that Burnupena spp. cannot attack healthy mussels although they feed readily on damaged or dying mussels. Mussels in turn are filter-feeders that derive their food from the water column. The two populations are thus incapable of eliminating their own food source and can maintain high densities in the absence of their chief predator, the rock lobster. Thus Burnupena spp. can reverse their normal role as prey for rock lobsters and exclude the latter from Marcus Island (Fig. 4) .
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